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Abstract. We document the fourth record of a dicephalic western diamondback rattlesnake, Crotalus atrox, collected on 17
September 2005 in Tom Green County, Texas, along with features ofits external and internal anatomy, which are compared withnormal
C. atrox neonates. This is only the second reported case of complete anatomical duplication of the respiratory system and nearly
complete duplication of the circulatory and digestive systems indicephalic snakes. In addition, we present a summary ofdicephalism
among 1 0 species within the genus Crotalus.
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Introduction

examination.
—Length of head was measured
External Measurements.
from tip of snout to posterior end of lower jaw, and head width
was measured across the middle of the supraoculars. Scale
counts were taken following previously described methods
(Dowling 1951, Klauber 1956).
—
Radiographs. Radiographs of the dicephalic specimen
were taken while the snake was alive.
—
Internal Measurements
and Anatomical Structure.
Visceral data are presented as percentage of snout-vent length
(% SVL) with the organ midpoint (MP) often following the
organ length. Paired organs are presented as left/right. The
tracheal ring estimate is based on number of cartilages along
a 5 mm segment at mid-tracheal position. The left systemic
arch (LSA) and right systemic arch (RSA) are indicated herein.
Since all of the blood vessels were not intact and injected with
formalin, it was impossible to determine their exact identities
and arrangement.
Internal viscera of the dicephalic specimen were compared
with those of 2 normal male neonate C. atrox from Brownsville,
Texas (Field Museum of Natural History, FMNH 27158 and
University of Florida, UF 42587) and a specimen with no
collection data exchanged to N. Ananjeva of St. Petersburg
(Zoological Institute [ZISP], Akademia Nauk).

Two-headed (or dicephalic) snakes are a curiosity of
the herpetological world. They are rarely found in nature
but frequently produced in captivity, probably as a result
of inbreeding depression,
anomalies, and
temperature
Cunningham
environmental toxins.
(1937) produced the first
historical survey of dicephalic snakes and summarized data on
225 known specimens, including 134 figures on 12 plates. In the
nearly 70 years since Cunningham's time, the number of verified
specimens has risen to more than 500 (Smith and Perez-Higareda
1987, Matz 1989, Payen 1991). These snakes occur in 8 families
(Leptotyphlopidae,
Pythonidae, Boidae, Tropidophiidae,
Viperidae, Elapidae, Hydrophiidae, and Colubridae) and these
165 species are included within 92 genera (Wallach 2004).
Herein, we report a noteworthy case ofdicephalism in a western
diamondback rattlesnake, Crotalus atrox Baird and Girard 1853,
collected from the wild in western Texas, along with detailed
information on its external and internal anatomy.
Materials and Methods
A dicephalic neonate male C. atrox (snout- vent length =241
mm) was collected on 17 September 2005 by the senior author
at the Head of the River Ranch in the vicinity of Christoval, Tom
Green County, Texas (31° 08.1'N, 100° 29.2'W). Itrefused to
eat on numerous occasions and following 2 weeks of captivity
was euthanized with an overdose of sodium pentobarbital
(Nembutal ®). The specimen was preserved in 10% formalin,
transferred to 70% ethanol, and deposited in the Angelo State
University Natural History Collection (ASNHC 14135). It was
subsequently shipped to the junior author for a more detailed

Results
External Anatomy. —The specimen is craniodichotomous
(Figs. 1 -2) with a tail length of21 mm(excluding button, which is
7.7 mm long), total length of 262 mm, and a tail/totallength ratio
of8.0%. Itsmidbody diameter is 1 6 mmand the scale row formula
is 25-25-21, with 176 ventrals, 27 subcaudals (anterior 25 single,
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revealed short, symmetrical necks of approximately 6 vertebrae
supporting each head.
—
Coloration. The coloration (after preservation, Fig. 1) is
typical of light specimens with a grayish-brown head dorsum, a
pair of white lateral heads pre- and post-ocular oblique stripes,
an immaculate white chin, 31 white-bordered gray dorsal
diamonds on the body (1 at midbody paired and smaller than
others), ground color lighter gray with a ventrolateral series of
small blackish spots, venter white anteriorly, darkening to gray
posteriorly, and 5 black crossbands on tail.
—
Internal Anatomy. Duplication of the internal anatomy
does not correlate well with the external bifurcation. All organs

and glands except the most caudal viscera (gonads, adrenals,
kidneys and large intestine) are duplicated and most, ifnot all, of
the anterior blood vessels in ASNHC 14135 are duplicated.
The left hyoid is shorter than the right but its sternohyoideus
muscle is longer, posterior tips of the hyoid are at 9.3%/ 10.0%
and the sternohyoideus muscle is at 16.2%/15.8%. The thymus
glands on the right side are cranial to those on the left: anterior
thymus gland at 1.2% (MP 38.8%)/0.8% (MP 38.0%) and
posterior thymus gland at 0.8% (MP = 39.8%)/0.4% (MP =

.

Fig. 1 Dicephalic C. atrox from Tom Green County, Texas (in
life). Photo by D. Elder.

-

terminal 2 paired). The lefthead is 18.1mmlong and 8.9 mm wide
with 16/16 supralabials, 17/15 infralabials, 9/9 circumoculars,

-

38.6%).

5/4 interoculabials, and minimum intersupraoculars 6; the right
head is 17.2 mm long and 8.8 mm wide with 17/15 supralabials,

The left heart (3.3%, MP = 42.7%) is larger and more cranial

than the right heart (2.5%, MP = 43.6%) and they are mirror
images of one another with their right atria in contact along
the midline and the left atria lateral (the left heart is normal in

16/16 infralabials, 9/9 circumoculars, 4/4 interoculabials; and
minimum intersupraoculars 7. The ventrals number 158 to 163
paired with an umbilical scar between them; the umbilical scarvent interval is 10.2% of the total ventrals. Externally the heads

position, the right heart is reversed; the only instance ofreversed
symmetry of the viscera). Each heart has 2 systemic or aortic

appeared united at the angle ofthe jaws (Fig. 2), but radiographs

Fig.2. Dicephalic C. atrox from Tom Green County, Texas, showing position ofheads. A. Dorsal view. B. Ventral view. Scale bar (ruler)
=
6 cm (Fig. 2A), 5 cm (Fig. 2B).
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bipartite but artificially broken into 2 pieces (probably from the
preservation process). The anterior section lies at 2. 1% witha gap
of 2.5% (probably artificial); the medial section is at 8.5% with
another gap of3.5% and a terminal sliver of 1.7%. The medial
portion has a bifurcated fork; the medial fork is short (0.8% or
1 ventral); the lateral fork is the longer, forming a contiguous
posterior "tail" (4.4% or 5 ventrals), but when including the
disjunct posterior section, the "tail" measures 9.5% (or 7
ventrals). The left posterior vena cava is not visible ventrally;
it extends along the dorsal surface of the left liver until it joins
the right post cava at 54.4%. The right liver is also bipartite; the
left lobe is unipartite, 4.1% (MP 48.1%), but the right lobe
is bipartite with a short (4.6%) posterior section separated by
a gap of 0.4%. There is an anterior extension of the right lobe
of the liver at 0.8% )1 ventral) and a posterior tail (right lobe)
at 17.0% or 19 ventrals. The right posterior vena cava is visible
ventrally, separating the left and right lobes and extending along
the medial surface of the right lobe posteriorly. The left lobe =
0.19 of the right lobe on the right liver, 0.83 of the right liver on
the left liver;the liver-gall bladder gap lies at 1 .7%/0.8%; the gall
bladders are large, 2.1% (MP =66.6%)/2.5% (MP 69.3%).
Both pancreas are ofidentical size, 1.0% (MP=67.5%)/l .0%
(MP = 67.7%) and are attached to their respective guts adjacent
to the gall bladder; a single spleen is present on the right side at
0.8% (MP = 67.0%) with ducts entering the right pancreas and
the left gut.
The posterior extent of duplication of the viscera occurs at
0.75 SVL, and caudad of this point the organs are normal and
unduplicated. The left testis lies at 2.7% (MP = 85.0%); it is
short and broad with numerous irregular creases (but is not
segmented); the right testis was removed before measurements
were taken. The left adrenal lies at 2.9% (MP = 82.8%), and
the right adrenal is at 2.7% (MP = 79.1%). The kidneys are
segmented; the left kidney lies at 8.7% (MP = 90.7%) and has 17
lobes; the right kidney lies at 11.6% (MP 89.2%) and has 18
lobes. There is a single caudal portion of the small intestine at
10.4%; the ileocolic junction is at 85.1% and the rectal caecum
is lacking. The large intestine and the cloaca lie at 14.9% (MP =

arches that form 3 junctions and an eventual single dorsal aorta,
the RSA of the left heart joining the RSA of the right heart at
42.7%. The LSA of the right heart joins the combined RSA ofthe
right and left hearts at 44.0%, and the LSA of the leftheart joins
the combined RSA of the right and left hearts at 47.3%. Every
body segment receives a pair of intercostal arteries from the
dorsal aorta in the posterior body cavities. The right systemic
arch ofeach heart gives offleft and right common carotids with a
dorsal vertebral artery that bifurcates into anterior and posterior
branches; the left carotid runs along the ventral surface of the
esophagus and the right carotid extends along the ventral surface
ofthe trachea. The pulmonary trunk ofeach heart gives rise to a
large ventral anterior pulmonary (tracheal) artery and a smaller
dorsal anterior (tracheal) artery; each has a weaker posterior
branch that extends to the saccular lung. Each sinus venosus
(and right atrium) receives a single posterior vena cava from the
liver and a left and right anterior vena cava; the left vena cava
extends along the ventral esophagus adjacent to the left carotid
artery and the right vena cava runs along the ventral aspect of
the trachea adjacent to the main branch ofthe pulmonary artery.
Each left atrium receives a large anterior pulmonary (tracheal)
vein and a smaller posterior pulmonary vein.
The respiratory system is lacking a left lung, bronchus,
and orifice. The trachea, 26.1% (MP = 28.0%)/24.5% (MP =
30.1%), extends along the ventral surface of the tracheal lung in
both cases. The estimated number of tracheal rings is 343/331
or 81.9/77.1 per 10% SVL with a tracheal-ring-width/tracheallung circumference at the mid-lung point of 3.0/3.5; tracheal
rings have free tips. The right bronchus is 1 .7% with a tracheabronchus posterior tip at 44.0%/46.5%; the anterior lung tip is
14.9%/17.8% and tracheal lung 26.1% (MP = 28.0%)/24.5%
(MP = 30.0%) with a maximum diameter of the tracheal lung at
midpoint 4.0 mm/4.0 mm and maximum diameter just cranial of
the heart at 4.0 mm/5.0 mm. The cardiac lung is 3.3%/2.5% with
a saccular (right) lung which is much smaller on the left side of
body, 6.2% (MP = 47.5%)/17.4% (MP = 53.5%); the maximum
diameter of the saccular lung is 3.0 mm/10.0 mm and saccular
lung is 8.3% (MP = 46.5%)/19.9% (MP 52.3%); posterior
lung tip is 50.6%/62.2% with a bronchus/right (saccular) lung
at 8.3%. The left lung sack = 0.42 of the right lung sack, total
lung/trachea-bronchus ratio 0.85/1.00.
The esophagus, 54.4% (MP 29.3%)/55.0% (MP = 29.4%),
lies on the left side of the tracheal lung in each case; itis lined
internally with thin longitudinal ridges. The stomach, 13.3%
(MP 61.0%)/17.8% (MP =59. 1%),possesses distinctly heavier
longitudinal and transverse rugae; the right stomach is larger
and thicker-walled than the left; the maximum diameter of the
stomach is 4.0 mm/6.0 mm with the pylorus at 67.6%/68.0%.
The small intestine at 17.4% (MP = 76.3%)/17.0% (MP = 76.6%)
and the paired anterior small intestine (duodenum) at 7. l%/6.6%
before they fuse into single small intestine at 74.7%.
The heart-liver gap lies at 1.2%/0.6% withthe liver at 18.3%
(MP = 54.8%)/21.8% (MP = 56.3%). The 2 livers are mirror
images although dissimilar in size and shape; the left liver is

-

-

-

-

92.5%).

-

The thyroid gland(s) and left spleen are missing. The left
liver was broken medially, and a number ofblood vessels were
broken, probably as a result ofthe original exploratory dissection
just prior to preservation.

-

Discussion
The present specimen represents the 40 th known dicephalic
snake for which visceral anatomical data are known, previous
reports include 1 boid, 26 colubrids, 1 elapid, 1 hydrophiid, and
10 viperids (Wallach 2004). There are 33 reported instances of
dicephalism among 10 species of the genus Crotalus (Table 1).
Of these reports, 4 cases of dicephalism are now known in C.
atrox (Anonymous 1975, Engelmann and Obst 198 1,Muir 1 990,
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this report), including 1 wildand 3 captive cases. The rattlesnake
for which the most cases of dicephalism (13 reports) have been
reported is the timber rattlesnake, Crotalns horridus (see Table

Table 2 compares ASNHC 14135 with normal C. atro*
of the traits are close to the values ol
normal individuals. Externally, it has a higher number ol
Internally, the major difference is in the
intersupraoculars.
shortened length of the saccular lung (with a more cranially
positioned posterior tip). Also, the sternohyoideus muscle
is longer and the right kidney is shorter than in the normal
specimens.
The complete duplication of the respiratory system and nearly
neonates, and most

1).

The late Jozsef Laszlo of the San Antonio Zoo mentioned
a wild caught neonate craniodichotomous C. atrox from New
Braunfels, Texas (Anonymous 1975) that survived for 7 weeks;
it fed, digested, and defecated normally and was right head
dominant (Murphy and Shadduck 1978). The disposition ofthis
specimen is unknown.
Acaptive-born spec imenofC. a/rax, whose mother originated
from the vicinity of Dallas, Texas, is shown in Engelmann
and Obst (1981). It was stillborn on 10 February 1974 and is
deposited in the Dresden Museum (MTKDD12509).

complete duplication of the circulatory and digestive systems is
a rare event. Among 40 descriptions of the visceral anatomy in
dicephalic snakes, only a single case of identical duplication of
the viscera is known to the authors (Wallach, unpublished). A
162 mm craniodichotomous European asp {Vipera aspis) from
Gugand, Vendee, France was reported to have 2 tracheae, 2 lungs,
2 hearts, 2 livers, 2 esophagi, 2 stomachs, and 2 small intestines
that eventually fused embryologically into a single organ
(Naulleau 1983, 1987). Other structures were not mentioned but
it can be assumed that the gall bladder and pancreas also were

Three abnormal C. atrox offspring were produced ina litterof
11 albino neonates, 1 being a craniodichotomous dicephalic and
2 others eyeless with fused mouths (Muir 1990). The dicephalic
individual survived 1 hr. Both parents were albinos and possibly
littermates who originated from an unknown location, which
would suggest the presence of the same recessive deleterious
mutations in both parents. In addition, it would portend a
tendency toward low genetic diversity and higher likelihood of
negative recessive traits. Mating occurred on 22 March 1989
and the neonates were born 11 September 1989. The mother
experienced abnormally cold temperatures in May, June, and
August, another possible causative factor in the teratology. The
2 parents (mother ca. 1,200 mm, father ca. 1,500 mm) produced
1 2 offspring the previous year with 6 liveand 6 stillborn, none of
which were dicephalics (Muir 1990). The dicephalic specimen
is preserved in the National Museum ofNatural History (USNM
299806).
Lengths ofknown neonate C. atrox in Texas range from 229
to 330 mm (Werler and Dixon 2000) and from 214 to 367 mm
throughout the species' entire range with a mean length of285
mm (Ernst and Ernst 2003). Klauber (1956) earlier reported the
average neonate length in C. atrox to be 350 mm withthe smallest
specimen he measured being 257 mm. Our specimen (ASNHC
14135), with a length of 262 mm, is well below the average
size, a condition often documented among dicephalics and twin
siblings. Lagerlund (1 95 1 )reported a dicephalic common adder
(Vipera berus) to be 50 mm shorter than its siblings, and Petch
(1990) found identical twins of twin-spotted ratsnakes (Elaphe
bimaculata) measured only 111mm while their normal siblings
were 140 mm. Inaddition, Manimozhi et al. (2006) produced a
dicephalic Burmese python (Python molurus) which measured
550 mm when its siblings averaged 611 mm.
Klauber (1956) listed the mean values for scale characters
C.
of atrox as follows (with corresponding values for ASNHC
14135 in parentheses): midbody scale rows 25 (25), ventrals
25.7 (27), supralabials 15.5 (16.0),
181.9 (176), subcaudals
infralabials 16.8 (16.0), body blotches 35.4 (31), and relative
tail length 7.9% (8.0%). Even though the present specimen was
stunted in size, its scale counts are within normal limitations
compared to the mean for the species.

duplicated.
In summary, we have provided, for the first time, a detailed
description ofthe external and internal morphology ofa dicephalic
C. atrox. In addition, we have documented the fourth report of
dicephalism inC. atrox and provided a summary of dicephalism
among members of the genus Crotalus. When researchers find
additional dicephalic snakes, attempts at collecting maximal
data should be made along with documentation in the scientific
literature.
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Table 1. Dicephalism inrattlesnakes ofthe genus Crotalus. Dashed lines represent unknown information.
Species

Country

State/P
State/Province

Locality

Date

Birth

Reference

C. adamanteus

USA

Florida

Gainesville

1967

Murphy and Shadduck, 1978

Odessa

1953

Dallas

1974

New Braunfels

1975

captive
wild
captive
wild
captive

C. atrox

USA

Texas

1989

C. basiliscus
C. durissus

Christoval

2005

Engelmann and Obst, 1 981
Anonymous, 1975
Muir, 1990

Mexico

Colima

Colima

1928

wild
captive

Brazil

Sao Paulo

Aracatuba

1924

wild

This report
Wiley, 1930
Amaral, 1927

wild

Vanzolini, 1947

captive

Mato Grosso

C. horridus

Anonymous, 1954

USA

Alabama

1891

wild

Belluomini et al., 1974
ER Brygoo in Matz, 1989

Bullock Co.

1978

captive

Lasher, 1980

LaGrange

1995

wild

Sherer, 1995

wild

Fred Lally,pers. comm.

Arkansas

Paris

Iowa

Elkport

wild

C Nading inCunningham, 1937

Louisiana
Maryland

LaPlace

captive

Wright, 1960

wild

Harris, 1968

New York

New York

captive

RLDitmars in Cunningham, 1937
Anonymous, 1877b

North Carolina

1869

Oklahoma

Broken Bow

Pennsylvania

Mount Sterling

West Virginia

Logan

Wisconsin

Genoa

C. lutosus*
C. mitchellii

USA

Idaho

Boise

USA

Arizona

Camp Yuma

C. oreganus

USA

California

Fresno Co.

C. scutulatus
C. viridis

USA

Arizona

Yuma

Canada

Alberta

Medicine Hat

Saskatchewan

Leader

Montana

Glendive

Texas

Pyote

USA

*Formerly C. viridis lutosus (see Douglas

wild

Proctor, 1933

wild
wild
wild

Miller,1938

wild

Rimkus,

Anonymous, 1877a

wild

1947
Anonymous, 1915

wild

Todd, 1936

1855

wild

Baird, 1856

1926

wild

Bridges, 1926

wild

Kelly,1909

1949

captive

2004

wild

MVRatcliffe in Klauber, 1956
Reid, 2005

1915

wild

1988

captive

McMullin,1963
Payen, 1991

1970

wild

Rogers, 1970

et al. 2002).
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Table 2. Comparison of external and internal characteristics of ASNHC 14135 with normal neonates of Crotalus atrox from Texas.
Organs and sides ofhead separated as left/right. Visceral data presented as % SVL, ALE= anterior liver extension innumber of ventrals,

ENTR = number of tracheal rings estimated for 10% SVL at midlung interval, JSA = junction of systemic arches in heart lengths
posterior to heart, L = length, MP = midpoint, PLT = posterior liver tail innumber of ventrals, PT = posterior tip, USVI = umbilical
scar-vent interval as % total ventrals.
Character
Sex
SVL

Tail/total length

ASNHC

FMNH

UF

ZISP

male

male

male

female

241mm

320 mm

431mm

350 mm

8.0%

8.6%
27-27-21

7.9%
27-25-21

27-25-21

Scale rows

25-25-21

Ventrals + subcaudals

176

Supralabials
Infralabials

Intersupraoculars

Circumoculars
USVI

Sternohyoideus PT
Trachea + bronchus
ENTR
TM/TR ratio

Bronchus/saccular lung
Tracheal + cardiac lungs
Saccular lung
Lung PT
Heart

Snout-heart interval
JSA

Heart-liver gap
Liver

ALE
PLT

Liver-gall bladder gap
Gall bladder MP
Right kidney (MP)

Left kidney (MP)

+ 27

175

+ 29

177

+ 30

6.2%
180

+ 21

16/16/17/15
17/15/16/16
6/7
9/9/9/9
10.2

17/16

17/15

17/16

16/18

16/15
16/16

5

5

5

8/8

8/9

8/9

9.7

9.0

8.3

16.2/15.8

13.6

13.5

12.0

41.2/44.6
81.9/77.1
3.0/3.5
0/8.3
29.5/27.0

46.6

44.1
94.7
2.5

44.9
88.8
3.0

7.9

6.4

4.7

30.9

28.5

6.2/17.4

23.8

29.0

50.6/62.2
3.3/2.5
44.4/44.8

70.3
46.6

69.6
2.8
43.6

30.6
30.6
70.6

0.88/ -0.33

0.85

0.75

45.4
0.56

1.2/0.6
18.3/22.0

-0.6

-0.2

0

21.9

20.4

18.3

99.2

5.5

3.8

0/112

?/?
1.7/0.8
66.6/69.3
8.7(89.2)
11.6(90.7)

14

3.7

2
12

2.2

13
1.2

2.9

71.1

66.4

67.9

10.9(88.9)

14.6(88.7)

11.7(89.9)

12.8(90.2)

11.2(89.8)

10.3(90.9)
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